The conformational preorganization and anion-induced conformational changes of indole-based receptors functionalized with amido group at C2 and a variety of amido, urea and thiourea moieties at C7 have been studied by the means of NMR spectroscopy. NOE experiments showed that antianti orientation across C2-C2α and C7-N7α bonds is preferred for receptors 1-4 in acetone 10 solution in the absence of anions. Anion-receptor interactions have been evaluated through 1 H and 15 N chemical shift changes. In bis-amido 2,7-functionalised indoles the interaction with chloride and bromide anions primarily occurs at H1 proton. The formal introduction of urea and thiourea moieties increases the number of hydrogen bond donor sites which manifests itself in distribution of halide-receptor interactions among H1, H7α and H7γ protons. Acetate anions also interact 15 strongly with indole and urea NH donor groups, whereas nitrate anions interact solely with H7α and H7γ urea/thiourea protons. NOE enhancements in the presence of anions revealed that anionreceptor complexes favor syn-syn conformation of C2 and C7 substituents.
Introduction
The development of unique anion receptors, sensors and 20 transporters is an area of intense research activity. [1] [2] [3] [4] [5] Potential applications in the separation and extraction of anionic species, in the development of new sensing systems and in the design of new compounds that may have potential biological activity has driven the synthesis of a plethora of receptors 25 containing amides and thioamides, pyrroles and indoles, ureas and thioureas, ammonium, guanidinium and imidazolium moieties. 6, 7 Indole is employed by Nature in sulfate binding protein 8 and in the enzymatic active site of haloalkane dehalogenase 9 30 to bind anions, however research in area of indole-based anion receptors [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] is still at an early stage compared to the range of anion receptors based on pyrrole. 21 The recognition and sensing properties of indole can be effectively regulated by appending additional hydrogen bond donors to the indole 35 skeleton. Amides have been widely used as hydrogen bond donor groups to bind anionic species 22 , whilst urea and thiourea moieties have been as well extensively employed as receptors for Y-shaped oxo-anions through two directional hydrogen bonds. 23, 24 40 In this study we have analysed the potential conformational preorganization and conformational changes of four previously synthesized bis-amido and mono-amido-mono-urea 2,7-functionalised indoles 25 in the presence of a diverse range of anionic guests with anions using NMR techniques. The 45 indoles have a variety of substituents in the 7-position including secondary amides, urea and thiourea groups ( Figure  1 ) and a carboxamidophenyl substituent in the 2-position.
Crystal structure elucidation of solid-state complexes of these species with anions and solution stability constant 50 determinations in DMSO-d 6 /0.5% water have been conducted previously.
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Results
NMR asssignment
NMR spectroscopy has been used to evaluate and correlate 55 structural and conformational properties of anion receptors 1-4 in acetone-d 6 to their preorganization for interaction with anions. As a first step, 1 
Conformational properties of receptors 1-4 in the absence and in the presence of anions
Conformational equilibria of 2,7-functionalized indole 35 receptors have been studied with the use of 1D difference NOE experiments. As an example, a 1D difference NOE spectra of 2 in the absence and upon addition of Cl -ions are shown in Figure 5 . Four well resolved NH protons have enabled unequivocal quantification of NOE enhancements.
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The predominant orientation of 2-phenylcarboxamide group in 2 has been established by the strong NOE enhancement of 14.5% at H3 upon saturation of the carboxamide H2β proton (Figure 5e ). In full agreement, the saturation of H2β has resulted in a very weak NOE at H1 (0.5%). The orientation 45 along C7-C7α bond in 2 has been established through NOE enhancements among H1, H6 and H7α. Relatively strong {H7α}-H6 (7.3%) and weaker {H1}-H7α NOEs (2.9%) have suggested the predominant conformation with H7α pointing away from indole H1 proton (Figures 5c and 5g) . A 50 considerable decrease of {H2β}-H3 and {H7α}-H6 NOE enhancements to 7.5% and 2.7% was observed upon addition of chloride anions, respectively (Figures 5f and 5h) . The key NOE enhancements for 1-4 in the absence and in the presence of one equivalent of anions are presented in Table 2 . Relatively strong {H2β}-H3 NOE (8.5%) in 1 is 5 evidence to support the spatial proximity of H2β and H3 protons. Such orientation across C2-C2α bond is in accordance with weak NOEs between H2β and H1 (≤ 1.0%). The saturation of H7α has resulted in weak NOE enhancement at H1 (≤ 1.0%), whereas stronger NOE was observed at H6 10 (3.2%). The saturation of H1 yields a weak overall NOE at H2β and H7α protons ( Table 2) . Although the H2β and H7α signals overlap in 1, differences in overall NOE values in the absence and in the presence of anions have turned out to be very informative in the assessment of conformational 15 properties. Addition of one equivalent of chloride to 1 has altered several NOE enhancements. The saturation of H2β and H7α has resulted in an increase of NOE at H1 from ≤ 1.0% to6.9%, and a decrease of {H2β}-H3 NOE from 8.5% to 4.9% and {H7α}-H6 NOE from 3.2% to 2.1% (Table 2) . 20 Furthermore, the saturation of H1 has caused major increase of overall NOE at H2β and H7α (13.0%). Addition of bromide to 1 has triggered very similar changes which lead us to suggest an analogous predominant conformation as established for 1⋅ Cl -complex (Table 2 ). In contrast, addition 25 1 H NMR spectra of 2 in the absence (a) and in the presence of Cl -ions (b), and corresponding 1D difference NOE spectra upon saturation of H1 (c-d), H2β (e-f), H7α (g-h) and H7γ protons (i-j). All spectra were recorded at 298 K. 35 of nitrate anions to 1 has resulted in strong {H2β}-H3 NOE and moderate increase of {H7α}-H6 NOE which indicated negligible conformational changes in 1 upon interaction with NO 3 -( Table 2 ). The decrease of {H2β}-H3 and {H7α}-H6
NOEs for 1⋅ AcO The interaction of bromide anions with 2 resulted in increase of {H2β}-H1, {H1}-H2β, {H1}-H7α and {H7α}-H1 NOEs ( major conformational changes along C2-C2α and C7-N7α bonds.
Receptor 3 with its 7-thiourea moiety exhibited strong {H2β}-H3 NOE (15.2%) which indicated conformational preorganization along C2-C2α bond. The predominance of the 60 conformer of 3 with H2β and H3 being spatially close is further supported by negligible NOEs between H1 and H2β protons (< 0.1%). The weak NOEs between H1 and H7α (1.0%) and a slightly stronger {H7α}-H6 NOE of 2.5% allude to the predominance of C7-C7α conformer, where H6 and 65 H7α are spatially closer than H1 and H7α. The addition of chloride and bromide anions results in decrease of NOEs between H2β and H3 as well as between H7α and H6 (Table  2) . Moreover, the increase of H1-H2β and H1-H7α NOEs is consistent with conformational changes in 3 upon addition of chloride and bromide anions. In the case of the 3⋅ NO 3 -complex, small NOE changes were observed (Table 2) . Regrettably, negative NOEs in 3⋅ AcO -complex NOEs thwarted a conformational study of this complex. 5 The conformational preorganization of 4, where H2β and H7α point away from indole H1 proton, is supported by strong {H2β}-H3 and {H7α}-H6 NOEs as well as weak NOE enhancements between H1-H2β and H1-H7α. The addition of chloride or bromide anions triggers conformational changes in 10 4, which were clearly indicated by decreased {H2β}-H3 and {H7α}-H6 NOEs and increased NOEs between indole H1 and both H2β and H7α protons ( respectively. In contrast, only minor 1 H chemical shift changes were observed upon addition of NO 3 -anions to 1 and 4 which contain amide groups at C2 and C7. Urea and thiourea moieties were shown to be preferred for interaction with trigonal planar anions due to their suitable shape and 55 capability to form two hydrogen bonds. 23 The and C7-N7α bonds are expected to be preferred ( Figure 6 ). A preliminary ab initio computational study of C2 and C7 functionalized indoles showed that the anti-anti conformer is energetically preferred in the absence of anions, whereas the syn-syn conformer is favored for anion-receptor complexes. 
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